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Abstract 
Hydrolyzed collagen (HC) is a fine powder applied in the pharmaceutical and 
food industries which has shown good results in the treatment of diseases 
related to bones, skin and joints. In this study, HC particles were agglomerated 
in order to increase particle size, optimizing its use as a food ingredient, its 
handling and its storage. Agglomeration is a process that not only enlarge the 
size of fine particles, but also improves its properties, such as instantanization 
time and flowability. The aim of this work was the agglomeration of HC in a 
fluidized bed having blackberry pulp as a liquid binder. A full factorial design 
22 was used to study the effect of the temperature of the fluidizing air (60, 70, 
80ºC) and the flow rate of the liquid binder (0.8, 1.2, 1.6 mL/min) on the 
process yield, mean particle size, water activity and total anthocyanins 
content. It was observed that anthocyanins content from the blackberry pulp 
had higher values with lower temperatures. Water activity had lower values 
with higher temperatures, but in all conditions, it was lower than 0.6. The 
enlargement of the granules was observed in all conditions studied, increasing 
up to 275%. Process yield varied from 67,9 to 80,0%. In all conditions, the 
instantanization time and flowability improved compared to hydrolyzed 
collagen before agglomeration. 
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1. Introduction 
Chronic non-communicable diseases (NCD) are responsible for almost 60% of the global 
mortality rate [1] and for 72% of the Brazilian mortality rate [2]. Chronic respiratory diseases, 
cardiovascular diseases and diabetes are examples of NCD, caused mainly by poor diet and 
physical inactivity. To change that, it is essential to increase the consumption of vegetables, 
fruits, cereals and replace foods rich in sodium or simple carbohydrates [2]. To contribute to 
the reversal of such a scenario, this work presents a feasible production method of 
agglomerated HC as an instant functional food and protein supplement rich in anthocyanins. 
Agglomeration, also known as granulation, increases the size of particles, which then are 
called granules or agglomerates. This process is applied in the chemical, pharmaceutical and 
food industries to improve particle handling, storage and transportation, as well as particles’ 
properties, such as flowability and instantanization time [3]. Regarding the food industry in 
particular, agglomeration enables the granules to achieve specific properties and size 
intervals [4]. 
The agglomeration process using a fluidized bed, although complex, shows many 
advantages, such as good heat and mass exchange and the performing of all steps of a given 
process in the same equipment [5]. The agglomeration process occurs when the particles are 
fluidized and dried by the heated air which is admitted through the bottom of the bed, while 
an atomization nozzle humidifies the particles with a binder. 
This work aims to find the most suitable condition (binder flow rate and fluidizing air 
temperature) for the agglomeration of HC in a fluidized bed, using blackberry pulp as a binder 
in order to increase the particles’ sizes, improve the particles’ properties and add the 
nutritional benefits of blackberry pulp to the agglomerates. Collagen has been studied for 
over a century and its demand in the market only increases [6], because it is a protein product 
with amino acids that are essential to the human diet [7], which shows positive results in the 
treatment of diseases related to the bones, skin and joints [8, 9, 10]. Blackberry pulp, on the 
other hand, is rich in vitamins, iron and anthocyanins, which helps in the prevention of 
degenerative diseases such as cancer and diabetes [11].  
2. Materials and Methods 
2.1 Equipment and process variables 
The lab-scale fluid bed (Fig. 1) used to perform the experiments has a cylindrical Plexiglas 
base and column (11). On top, there is a cyclone (13) to collect the elutriated fine particles. 
In the entrance of the bed, a perforated plate (10) distributes the air uniformly. The inlet air 
is supplied by a 7.5 HP WEG (2) air blower, delivered to the system by a 2" internal diameter 
galvanized steel pipe, and then passes through a bed of silica gel (5). The blower is connected 
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to a frequency inverter (2a) (WEG CFW 08). The air velocity was determined by a hot wire 
anemometer (IMPAC, Delta Ohm, HD2903TC2.2) (4). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Experimental System 
The air temperature in the plenum chamber was adjusted by a set of electrical resistors (7) 
controlled by a PID regulator (Novus, N1100). Pt-100 Thermoresistances (Novus, Ø 3.0 mm 
x 100 mm) measure the temperature of the system in the plenum chamber (9a) and the other 
three points (9b, 9c and 9d) the column. Two sensors (6a and 6b) (RHT-XS, Novus) provide 
the values of relative humidity and dry bulb temperature at the input (before the resistors) 
and in the fluid bed output, controlled by a PID regulator (Novus, N1200). The pressure drop 
in the bed is provided by a differential transducer (Cole Parmer, XLDP) (8). 
A peristaltic pump (15) (Cole Parmer, 7780-60, Masterflex L / S) carries blackberry pulp 
(14) used as a binder in the granulation process. A double fluid type spray nozzle (Spraying 
Systems, SU12A) produces a cone-shaped spray of droplets. The atomizing pressure for 
obtaining the droplets is provided by a compressor (MSV 40 Max, 10 horsepower) (1) and 
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regulated by a Norgren pressure regulator. This compressed air is filtered (16) (Parker, 
Hannifin Ltd.) before being used in the atomization. 
The pressure, temperature and humidity sensors are connected to a computer, by a data 
acquisition system, which consists of a NI cDAQ-9172 (National Instrument) (17) board that 
collects the data at a defined sampling rate. LabVIEW 8.6TM (Virtual Instrument 
Engineering Workbench) software, by means of virtual instruments (VI), makes the interface 
between the process and the data acquisition board. The program was installed on an Intel® 
Core i5 computer with 4.0 GB of RAM (18). 
2.2 Water Activity 
The water activity was measured by AQUALAB S3TE. 
2.3 Particle Diameter 
The HC particles were observed using a digital microscope (Dino-Lite AM4515ZT) after 
being dispersed on several glass slides to obtain at least 500 particles. The images were 
analyzed using the software IMAGE J v1.50i (National Institutes of Health, USA), allowing 
the calculation of the particles mean diameters[12]. 
2.4 Anthocyanins Content 
The anthocyanins content was determined using the differential pH method [13].  
2.5 Process Yield 
The process yield was calculated by the ratio of the mass of HC fed per the final mass in the 
fluid bed. 
2.6 Instantanization time 
The instantanization time was considered the time required for 3 g of the sample to disappear 
from the water surface (60 mL at 27 °C), using an apparatus described by [14]. 
2.7 Flowability 
The flowability of raw and granulated HC was obtained using the Carr index (Table 1). The 
powder is submitted to 500, 750, or 1250 taps in the equipment Autotap Tap Density 
Analyzer (DAT-4, Quantachrome instruments®), following the standard 616 of the North 
American Pharmacopeia [15]. 
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Table 1. Classification of powder flowability based on the Carr index 
Icarr (%) Flowability 
< 15 Very Good 
15-20 Good 
20-35 Fair 
35-45 Bad 
> 45 Very Bad 
 
2.8 Moisture Content 
The humidity was determined by a Moisture Analyzer with halogen light heating (HR83, 
Mettler Toledo). 
3. Results and Discussion 
The yield was higher with the lowest binder flow rate and with the maximum or minimum 
temperature (Tf) used, resulting in a surface plot with significant curvature (Fig 2-a). The 
biggest particles (275% bigger than raw HC) occurred with lower binder flow rate and 
temperature (Fig. 2-b), since in this condition the moisture content was lower. Partial 
defluidization was observed using higher values of binder flow rate, reducing the impact 
between particles and, therefore, their size, as also observed by [16]. As for the moisture 
content (Fig. 2-c), lower binder flow rate and higher temperature resulted in a minimum value 
of moisture content, as expected and observed by [16]. However, even at higher temperature, 
the binder flow rate had more impact in the moisture content, since higher values of Qlig 
resulted in a moister agglomerated HC. The AT (dry basis) was higher when the temperature 
was minimum (Fig. 2-d), as the degradation of anthocyanins was minimum in this case.  
Water activity was lower than raw HC and higher than Commercial HC (Table 2), and since 
all the values were aw<0.6, microbial growth will not happen in the powder [17]. The 
instantanization time of agglomerated HC reduced considerably when compared to raw HC 
and Commercial HC because of the size and morphological changes in the particles, as 
observed by [17]. Therefore, the bigger the HC particles, the faster was the IT. Moreover, the 
flowability of agglomerated HC improved from Fair (raw HC) to Good or Very Good. 
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Fig 2. Surface plot of Process Yield, Particle diameter, Moisture content and Anthocyanins content 
versus Temperature and Binder flow rate. 
 
Table 2. Results of the experimental design (nozzle height: 300 mm, mass of sample: 500g). 
1 Commercial Agglomerated HC already sold in market (Commercial HC - GELITA) 
Experimental 
Run 
Tf Qlig 
(mL/min) 
Yld Mst dpm AT IT aw Icarr (%) (°C) (%) (% d.b.) (µm) (mg/100g) (s) 
HC - - - 7.45 96.96 - 170 0.490 22.18 
1 80 (1) 1.6 (1) 76.2 7.17 172.03 32.67 2.2 0.396 17.39 
2 80 (1) 0.8 (-1) 74.6 5.27 291.23 33.04 1.65 0.386 14.29 
3 70 (0) 1.2 (0) 78 7.71 218.46 34.91 2.2 0.425 13.91 
4 70 (0) 1.2 (0) 79.3 7.47 251.64 33.55 2.15 0.420 16.67 
5 70 (0) 1.2 (0) 80 8.17 233.14 33.66 2.1 0.423 16.95 
6 60 (-1) 1.6 (1) 67.9 7.5 230.62 37.39 2.25 0.437 12.39 
7 60 (-1) 0.8 (-1) 77.8 8.24 266.64 37.31 1.85 0.430 13.51 
Commercial 
HC1 
- - - 8.15 198.2 - 9 0.404 16.52 
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4. Conclusions 
The central points (tests 4, 5 and 6) presented the best overall results: they presented bigger 
particles than the ones of Commercial HC, an increase of more than 200% compared to raw 
HC. In those tests, the process yield was, in average, 79.1%. The moisture content values had 
an average of 7.78%, lower than that of the Commercial HC. The AT content values were 
low in all the tests and further studies are needed to reduce the degradation of anthocyanins 
by light and high temperature. The water activity values were in a range that assures product 
safety for all the tests and the instantanization time decreased in relation to raw HC and 
Commercial HC. Thus, we produced a powder larger in size, with adequate moisture and 
process yield, which can be commercialized or used as an ingredient rich in anthocyanins. 
5. Nomenclature  
Tf Fluidizing temperature °C 
Qlig length co-ordinate M 
Yld Yield % 
Mst Moisture content % d. b. 
dpm Particle mean diameter µm 
AT Anthocyanins content mg/100g 
IT Instantanization time s 
aw Water activity - 
Icarr Carr Index % 
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